Background--The optimal timing of coronary artery bypass grafting (CABG) in clinically stable patients with acute myocardial infarction who are unsuitable for percutaneous coronary intervention is unclear. We report our experience with early CABG in these patients.
A bout 20% to 30% of patients with acute myocardial infarction (AMI) are considered noneligible for percutaneous coronary intervention (PCI). 1 The optimal timing of coronary artery bypass grafting (CABG) in this setting has remained a matter of discussion. On the one hand, delay of revascularization could result in recurrent myocardial infarction with irreversible loss of cardiac function. On the other hand, the increased rate of perioperative complications associated with CABG in this particular situation could mitigate any potential benefits. Reliable, contemporary data on this topic are rare. As summarized by Caceres et al in 2013, >50% of publications reporting on CABG in AMI patients date back to the 1990s. 2 Mohr and his group published one of the most recent studies on this subject. 3 They did not find any differences concerning the in-hospital mortality of 758 patients with non-ST-segment-elevation myocardial infarction (NSTEMI) when CABG was performed within 24 hours (6.0%), within 24 hours to 72 hours (4.7%), or within 21 days (5.1%). In a publication analyzing the CABG subgroup of the ACCOAST (Comparison of Prasugrel at the Time of PCI or as Pretreatment at the Time of Diagnosis in Patients with NSTEMI) study, 30-day mortality varied between 3.9% if patients had undergone CABG within 3 days and 1.9% if operative revascularization was performed later on. 4 Concerning the outcome of surgically treated STEMI patients, Khaladj et al observed a 15% mortality rate in STEMI patients undergoing emergency CABG within 6 hours after coronary angiography, whereas others reported all-cause mortality rates between 8.9% (CABG after 24 hours) and 10.6% (CABG within 24 hours). 5 To our knowledge, contemporary publications about operative revascularization in AMI usually include patients with cardiogenic shock (CS), as they compose up to 30% of the surgical AMI population. Although these patients are at the highest risk for surgery-associated complications, they are also the group for which the benefit from timely revascularization has been demonstrated most convincingly. 6 In contrast, the optimal timing of CABG in patients with STEMI or NSTEMI who do not suffer from CS has remained unclear.
With this study, we intended to analyze the outcome of clinically stable patients with STEMI or NSTEMI who underwent early CABG in the acute phase of AMI. We hypothesized that this approach could be associated with fewer risks than generally assumed.
Methods Data Source
Our department provides emergency surgical care 24 hours a day, 7 days a week to a catchment area that includes up to 9 hospitals and 1 practice scattered throughout the 
Preoperative Management
Every case and time point of CABG was discussed with the referring cardiologist. Our department usually operates on AMI patients immediately after transfer from the initial treatment centers independent of hemodynamic stability, symptoms, or cardiac enzymes. This approach usually excludes patients who present with a definitely subsided myocardial infarction. CABG was performed under dual platelet therapy regardless of the P2Y12 inhibitor used.
Surgical Management
A standard median sternotomy and cardiopulmonary bypass with moderate hypothermic (34°C) cardiac arrest was performed in all but 1 patient. Myocardial arrest was obtained with cold blood cardioplegic solution applied antegrade via the ascending aorta. If insufficient myocardial protection by this approach was anticipated, antegrade cardioplegia was combined with retrograde administration via the coronary venous sinus. The choice of graft was left to the discretion of the surgeon in charge. If bleeding was not a concern, acetylsalicylic acid was administered orally starting on postoperative day 1.
Clinical Perspective
What Is New?
• In this retrospective analysis, hemodynamically stable patients with ST-segment-elevation myocardial infarction underwent early coronary artery bypass grafting with a significantly lower short-and long-term mortality risk compared with patients with non-ST-segment-elevation myocardial infarction.
What Are the Clinical Implications?
• In contrast to current guideline recommendations, stable ST-segment-elevation myocardial infarction patients with an indication for operative myocardial revascularization may safely undergo prompt coronary artery bypass grafting.
Statistical Analyses
Nominal and ordinal data were described as absolute and relative frequencies and compared using the v 2 
Results

Preoperative Data
As shown in 
Outcome
Thirty-day mortality (Table 5 ) was 2.7% in the STEMI group and 6.6% in the NSTEMI group (P=0.018). As shown in Figure 1 , survival at 1 year was 94% in STEMI versus 88% in NSTEMI patients (P<0.001). Five-year survival was 87% versus 73%, and 10-year survival was 74% versus 57% (log-rank P<0.001, Figure 1 ). NSTEMI patients aged >70 years at the time of CABG showed significantly reduced survival (62% versus 79%; log-rank P=0.029; Figure 2A and 2B).
Outcome and Timing of Surgery
Thirty-day mortality was significantly increased in patients with NSTEMI patients who underwent surgery within 6 hours compared with STEMI patients (7.1% versus 1.8%; P=0.041).
NSTEMI patients operated on within 6 hours less often received acetylsalicylic acid plus clopidogrel (P=0.007), had significantly higher lactate values (P=0.020), and underwent preoperative intra-aortic balloon pump implantation (P=0.003) more often compared with NSTEMI patients operated on after 6 hours (Table 5 ). STEMI patients operated on within 6 hours showed significantly lower CK-MB levels compared with STEMI patients who underwent CABG later on (P=0.001). No significant differences were observed within the STEMI ( Figure 3A ) and NSTEMI ( Figure 3B ) groups with regard to survival when time to surgery was further divided into patients who were operated on within 6, 6 to 12, or 12 to 48 hours.
Predictors of 30-day mortality
Independent risk factors for 30-day mortality ( Our department offers early revascularization to all AMI patients. In the absence of CS, this approach was associated with superior short-and long-term outcomes for STEMI patients compared with NSTEMI patients. STEMI patients were significantly younger, with lower risk profiles and shorter referral times, which indicated that the decision to recommend fast surgical treatment was made during or soon after coronary angiography. 
Lower Stroke Rate and Fewer Bleeding Complications in STEMI Patients
Current guidelines emphasize that the risks associated with surgery in AMI will be maximal in the setting of STEMI. 7 In particular, the increased likelihood of cerebrovascular events associated with CABG represents a major concern. It has become clear that the incidence of stroke per se is higher among patients with AMI, presumably due to the increased systemic inflammatory state. 16 Although PCI-focused AMI trials reported cerebrovascular event rates between 0.3% and 1%, stroke risks among AMI patients undergoing CABG range between 0.8% and 6%. [3] [4] [5] We found a slightly although not statistically significant lower proportion of strokes in patients with STEMI compared with NSTEMI (2.0% versus 3.9%, P=0.134). The causes underlying perioperative strokes are multifactorial and thus difficult to modify. 17 Nevertheless, cerebral protection devices currently under investigation during transcatheter aortic valve implantation could also provide a future possibility to reduce intraoperative thromboembolism. 18, 19 In addition, intraoperative continuous near-infrared spectroscopy measurements are an effective tool for the early detection of impaired cerebral tissue oxygenation. 20 Although the impact of corrective steps on the neurological outcome of patients with low near-infrared spectroscopy values and cardiac surgery has not been evaluated yet, it has become clear that intraoperative optimization of cerebral oxygenation leads to reduced release of markers of neurological injury. 21 The fear of severe bleeding also influences risk assessment and time point selection of operative revascularization in AMI patients. In fact, 24% of STEMI and 31% of NSTEMI patients in our study received dual-platelet inhibition (P=0.022) preoperatively. This finding was associated with a significantly lower transfusion rate in STEMI compared with NSTEMI patients (41% versus 51%, P=0.008). Given ambiguous trial results, however, transfusion indications after cardiac surgery have remained a matter of opinion and personal experience. 22, 23 Consequently, this parameter has only limited value in the identification of severe bleeding events. In fact, we did not observe statistically significant differences in the rate of surgical reexploration due to bleeding between STEMI and NSTEMI patients (4% versus 3.1%, P=0.526). Neither transfusion nor rethoracotomy caused by bleeding was identified as a risk factor for mortality in this study.
Complex NSTEMI Patients With Delayed Surgery
As expected, NSTEMI patients were older and suffered from insulin-dependent diabetes mellitus, arterial hypertension, impaired renal function, and multivessel coronary artery disease more frequently than patients with STEMI. In addition, time from diagnosis to surgery was significantly longer. This finding was probably due to several factors. First, the wider scope of discretion regarding the indication and time point of coronary angiography in NSTEMI patients naturally leads to delayed awareness of coronary artery disease severity. 8 Although this circumstance apparently does not impair the outcome of most patients eligible for PCI, it may become a disadvantage for those in need of CABG. In addition, the decision to recommend surgery at all may have taken more time, considering the increased rate of perioperative risk factors in NSTEMI patients.
Outcome After Surgery Within 6 Hours
Overall, 56% of STEMI patients underwent surgery within 6 hours. Our collaborating cardiology partners obviously referred the majority of STEMI patients as quickly as possible if unsuitable for PCI. These patients demonstrated a lower short-term mortality rate compared with NSTEMI patients. They were younger and had undergone PCI before CABG more often, which could have resulted in at least temporary improvement of myocardial perfusion. In contrast, only 20% of NSTEMI patients received surgery within 6 hours. These patients had particularly increased preoperative lactate levels compared with those NSTEMI patients with CABG at a later time point. In fact, lactate values were comparable to those of STEMI patients, who showed higher lactate levels during all other time frames except this one. We did not find any association among increased lactate and preoperative hypotension, use of catecholamines, or reduced left ventricular function. Nevertheless, the increased number of preoperative intra-aortic balloon pump implantations in NSTEMI patients who were operated on early could indicate that impending cardiac failure was expected. Overall, NSTEMI patients-in contrast to STEMI patients-seemed to have been presented for rapid surgery particularly if deterioration was anticipated.
Outcome After 6 Hours
A comparison between preoperative parameters of STEMI patients who could have influenced the decision for or against early CABG revealed significant differences only as far as cardiac enzymes were concerned. STEMI patients operated on >6 hours later had higher CK-MB levels, pointing to persisting or recurrent myocardial ischemia. NSTEMI patients operated on >6 hours later more often received dual-platelet inhibition, but PCI rates among these groups did not differ. Consequently, this observation most likely indicates that time to surgery or time to decision was long enough to initiate dualplatelet therapy, which has been shown to improve survival of patients with acute coronary syndromes, independent of the treatment strategy chosen. 8 
Lactate Levels for Identification of High-Risk Patients
Increased lactate values have already been linked to mortality in patients with myocardial infarction treated by CABG but also after PCI. 24, 25 Despite the exclusion of patients with clinically apparent CS, 19% of STEMI and 10% of NSTEMI patients still presented with preoperative lactate levels >2 mmol/L in this study. As stated, we could not find any association between this parameter and other indicators of impending CS. On the contrary, 43% of STEMI patients and 47% of NSTEMI patients with preoperative lactate levels >2 mmol/L were hypertensive -defined as a blood pressure >140/90 mm Hg-before undergoing surgery. Hypertension has already been linked to increased lactate that may be caused by obstruction of microvessels, with subsequently impaired tissue perfusion. 26, 27 In addition, preoperatively sustained fasting periods with volume depletion also could have contributed to the rate of elevated lactate levels. Regardless of the underlying cause, NSTEMI patients with preoperatively elevated lactate levels seem to represent a particularly vulnerable cohort. This finding does not imply that CABG should be delayed in these patients. Instead, it facilitates the easy and fast identification of highrisk NSTEMI patients. We feel that coronary angiography should not be delayed if increased lactate values are present, regardless of hemodynamic stability or symptoms. The therapeutic strategy-whether surgical, interventional, or conservative-may thus be determined before further clinical deterioration takes place.
Study Limitations
This study analyzed retrospective data from a single-center experience with early CABG in AMI patients. It covers 14 years of cardiac care and thus also includes changes in the treatment of acute coronary syndromes over time. Consequently, any conclusions drawn from this work are limited by its design. Despite our various efforts to preclude all CS patients, we cannot completely rule out the possibility that a study participant with evolving CS indicated solely by increased lactate levels accidentally remained in this analysis. Nevertheless, we did not feel comfortable excluding patients based on this parameter alone because lactate elevations may be caused by several factors unrelated to CS, as discussed. Although our department offers operative revascularization to all AMI patients as a service 24 hours a day, 7 days a week, the initial decision to present a patient at a certain time point was made by our referring cardiologists. Consequently, the data presented also reflect local opinions about which patients might benefit from early operative revascularization.
Summary
Prospective data already demonstrated that conservative treatment is associated with poorer prognosis compared with urgent operative revascularization in patients with AMI and CS. 6 Accordingly, guideline recommendations are clear regarding the approach in this clinical setting. 7, 8 Nevertheless, patients with CS are also at the highest risk for perioperative complications. 6 It is unknown whether hemodynamically stable patients with STEMI or NSTEMI also suffer from increased perioperative risks. This has always been assumed, given the proinflammatory state of these patients. In fact, some previous surgical data indicated that delayed surgery may indeed result in better outcomes. However, it is unknown to what extent these data are biased by the possibility that AMI patients planned for CABG suffer from major adverse cardiovascular events while waiting for the initial infarction "to cool off" and thus are not included in any kind of risk evaluation. Furthermore, until recently, a majority of surgical publications on this topic did not differentiate between STEMI and NSTEMI, as many surgeons believed that differentiation did not matter. 2 Subsequently, it was impossible to analyze the outcome of STEMI versus NSTEMI patients, although prospective PCI data have demonstrated substantial differences between these groups with regard to risk stratification, time frame for revascularization, and survival. 7, 8 Consequently, we feel that it is vital to extend the knowledge about timing of CABG in patients with STEMI and NSTEMI. Our institution offers early revascularization to all patients with AMI with no preselection of patients on our side. In particular, our data indicate that hemodynamically stable STEMI patients can safely undergo early operative revascularization. These findings do not support the guarded phrasing of current guideline recommendations. However, they mirror the commonly accepted conclusion drawn from multiple PCI-driven, prospective studies: that early revascularization is beneficial in STEMI patients. In contrast, the surgical NSTEMI population described in this study consisted of older and sicker patients with consequently higher perioperative risk profiles for which the optimal treatment timing and goals were more difficult to determine. In contrast to the STEMI treatment recommendations, our NSTEMI data are largely in line with the conclusions outlined in the guidelines. These findings, however, also emphasize the need for a randomized controlled study that focuses on the questions of who and at which time point AMI patients considered unsuitable for PCI should undergo surgery; otherwise, we will not be able to tell whether the mortality rates and complications reported for early CABG in this scenario are low or high.
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